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NACA TN 3201
DIRECTIONAL, STABILITY CHARACTERISTICS OF TWO
TYPES OF TANDEM HELICOPTER FUSELAGE MODELS
By James L. Williams
May 1954

The definition of Cp appeariﬁg in figure 20 was inedvertently
omitted from the "Symbols", and the definition of ! on page 3 requires

clarification. Therefore, the list of "Symbols" (page 3) should be cor-
rected to include the folliowing information:
Change definition of 1 in line 11 to read as follows:

A distance between rotor hub centers (4.23 £t for nonover-
lap model, and 2.84 ft for overlap model)

Add to the list the following symbols and definitions:

Cp drag coefficlent, D/q(ZSd)
D drag, 1lb
254 total rotor disk area (26.39 sq ft for nonoverlap model

and £8.2 sq £t for overlsp model)
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DIRECTIONAT, STABILITY CHARACTERISTICS OF TWO
TYPES OF TANDEM HELTCOPTER FUSELAGE MODELS

By James L, Williams
SUMMARY.

A low-speed investigation was mede in the Langley stability tumnel
to determine and improve, if possible, the directional stablility char-
acteristics of two tandem helicopter fuselages, one representing a heli-
copter with overlapping rotors (overlep-type fuselage) and the other a
helicopter with nonoverlapping rotors (nonoverlep-type fuselage).

The overlsp-type fuselage model was found to be dlrectionally
unsteble at angles of attack of 10°, -10°, and -20° for angles of side-
sllp to ¥6° or less. This instabllity was found to result from an Insuf-
ficient contribution of the original vertical tail (which was epproxi-
mately 35 percent chord in thickness) to the directional stebility. The
failure of the original vertical tail to meke sufficient contribution to
the directional stebility was felt to be associated with the separation
caused by the adverse pressure gradient over the relatively thick rear
portion of the vertical tail and fuselage. Either blunting the trailing
edge of the original vertical tail and fuselage of the overlap-type fuse-~
lage or substituting a thin tall (which was approximately 4 percent chord
»n thickness) for the original tail generally resulted in a directionally
stable fuselage-tall arrangement.

The nonoverlap-type fuselage model was directionally unstable for
positive angles of attack throughout the sideslip range. Thils insta-
bility was found to result from a low vertical-tail effectiveness and
a large variation of the fuselaege-slone directional-stability parameter
CnB with angle of attack. Both of these factors were found to be asso-

ciated with the rate of change with sideslip angle of the asymmetric
trailing-vortex system that existed on the fuselage. The use of spollers
located around the nose of the fuselage was the only effective means
found, without resorting to major design changes, for msking the
nonoverlap-type fuselage directionally stable.
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INTRODUCTION

The results of flight and wind-tunnel tests (refs. 1 to 3) have
shown that two tandem helicopter fuselages, one representing a helicopter
with overlapping rotors (overlap-type fuselage) and the other a heli-
copter with nonoverlspping rotors (nonoverlap-type fuselage) are direc-
tionally unstable for certain angles of abttack and sideslip. The overlap-
type helicopter fuselage has a rear pylon feired to form s thick vertical
tail and fuselage rear section, and the nonoverlsp-type helicopter fuse-
lage has a center section that is considerably below its front and rear
ends. The results of reference 2 have indlicated that the directlonal
stabllity characteristics of the overlap-type fuselage can be improved
by an increase in pylon (vertical tail) area or by use of split flaps
attached to each side of the tall, which of course act to decrease the
adverse pressure gradient over the rear of the tall. Reference L4 pre-
sentes a comparison of the lift-curve slopes of several airfoils with
varying degrees of bevel and tralling-edge bluntness. These results
show that the lift-curve slope increases as the trailing-edge angle is
changed from a beveled to & somewhat blunted shape. The data of refer-
ences 2 and L4 suggest that the directional instability of this type of
fuselage~tall arrasngement is attributable at least partially to a low
1lift effectiveness of the verticel tall that is assoclated with 1lts large
trailing-edge angle and indicate that possibly further lmprovement in
the directional stebility can be made by a more complete blunting of the
tralling edge of the vertical tall and lower aft portion of the fuselage
than was employed in reference 2, wherein the blunting was essentlally
confined to the pylon.

The results of some exploratory tests on the overlap-type fuselage
in the lLangley free-~flight tunnel have indicated that the location of
spollers around the fuselage nose considerably improved its directional
stability by destroying some of the unstable moment of the fuselage.
These results Indicate that the directlonal stebility characteristics
of a wide range of fuselage shapes, including the extreme nonoverlap-
type fuselage configuration, can be influenced by the use of spoilers.

The purpose of the present investigation was to study further the
directional stability characteristics of these fuselages and to find
solutions, if possible, that would give satisfactory stability. To thils
end, a series of tests of an overlap-type fuselage with various fuselage
and. pylon modifications and of a nonoverlap-type fuselage with various
spoller arrangements were made in the Langley stability tunnel. These
tests consisted of the measurement of aerodynamic forces and moments
throughout a range of sideslip and angles of attack, and also a short
study of the air flow around the nonoverlap-type fuselage by means of
the tuft-grid technlgue of reference 5. ’
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SYMBOLS AND COEFFICIENTS

The data are presented in the form of standard NACA force and moment
coefficients and are referred to the wind system of axes with the origin
at the assumed centers of gravity of the fuselages. The positlve direc-
tione of forces, moments, and angles are shown in figure 1. The symbols
and coefficlents employed are defined as follows:

A aspect ratio, b2/S

b horizontel-tail span (measured perpendiculsr to fuselage
reference line), £t

c tail chord, ft

) dlstance between rotor hub centers, £t

S area, sq ft

t vertical-tall thickness, ft

v free-stream velocity, ft/sec

q dynemic pressure, %pv2, ib/sq £t

p mass density of air, slugs/cu £t

o angle of attack, deg

angle of sideslip, deg

Y side force, 1b

N yawing moment, f£t-l1b

L' rolling moment, f£t-1b

Cy side-force coefficient, Y/q2S3

Cn yawing-moment coefficient, N/q2S41
Cy rolling-moment coefficient, L'/q2Sgl
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Fi,Fz,F5 fuselages 1, 2, and 3, respectively (see figs. 2(a)
end 4(2))

T1,T2, « - .Tg tails 1, 2, . . . 6, respectively (see figs. 2(c), 2(d),
3, and 4(b))

A5CY,A5Cn,A501 mutual-interference increments in Cy, Cp, and Cj; for

example, AsCy = CY(fuselege with tail) ~
CY(fuselage alone) CY(ta.il alone)

Subscript:

d rotor disk
MODELS, APPARATUS, AND TESTS

The basic overlep-type fuselage model (fuselage 1) used in the pres-
ent investigation was constructed of balsa and was approximately a
l/7—scale model of a current tandem helicopter fuselage which has & rear
pylon faired to form a thick vertical tail (t/c = 0.35; tail 1) and fuse-
lage rear section (see figs. 2(a) and 2(c)). A sketch of the modifica-
tion made to fuselage 1 to obtain fuselage 2, which had a thinner rear
section, is shown in figure 2(a).

A thin verticael tail, tail 2 (t/c =~ 0.04), was made of plywood (see
fig. 2(c)). Vertical tails with blunt trailing edges (tails 3 and k)
and an end plate (see fig. 2(d)) were made of balsa and plywood, respeé-
tively. Photographs of the model with tail 1 (t/c = 0.35), tall 2
(t/c = 0.04), and blunt tails 3 and 4 are shown in figure 3. It should
be noted that when the blunt tails were used the bluntness was extended
to include the lower aft portion of the fuselage. A horizontal tail
located near the center of the original vertical tall was tested with
the model at -10° angle of attack.

The nonoverlap-type fuselage model (fuselage 3) used in this inves-
tigation was constructed of mahogeny and was a 1/10-scale model of &
current tandem helicopter fuselage. The vertlcal tails (teil 5 and -
tail 6), however, were made of plywood. Sketches of the nonoverlap-type
fuselage and vertical talls are shown in figures 4(a) and 4(b), respec-
tively. :

Several spoller configurations were tested with the nonoverlap-type
fuselage model. The spolilers, which were faired to fit the fuselage coOn-
tour, were made from l/lS-inch sheet brass and were approximately 0.20 inch
wide. Photographs of the nonoverlsp-type fuselage wlth and without spoiler
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configurations (spoilers 1, 2, and 3) are shown in figure 5. The dorsal
and ventral portions of spoiler arrangement 3 were about 16 inches long.

The models were mounted rigidly to a single strut support, at
approximately the 0.52 point and 0.50 point of the distance between the
rotor hubs for the overlap- and nonoverlap-type fuselage models, respec-
tively, in the 6-foot-diameter test section of the Langley stability
tunnel. The forces and moments were measured by measns of a conventional
six-component balence system.

A1l force tests for the overlap- and nonoverlap-type fuselages were
nade at a dynamic pressure of 39.7 pounds per square foot, which corre-
sponds to a Mach number of about 0.16. The test Reynolds numbers were
k.87 x 106 and 5.50 X 106 for the overlap and nonoverlap fuselages, respec-
tively, based on the overall length of the pertinent fuselage. The angles
of sideslip investigated ranged from about 25° to -25°. The angles of
attack used in tests of the overlap-type fuselsge were 10°, -10°, and
-200, and the angles of attack used in tests of the nonoverlap-type fuse-
lage were 30°, 20°, 10°, 09, ~10°, and ~30°. The horizontal tail of the
nonoverlap-type fuselage was set at 9° angle of incidence. The tuft-grid
tests were made at a dynamic pressure of 8 pounds per square foot and a

Reynolds mumber of 2.47 x 106.
CORRECTIONS

Date for the nonoverlep-type fuselage have been corrected for
support-strut interference. These corrections were, 1in general, of neg-
ligible magnitude for the nonoverlap-type fuselage; therefore the data
for the overlap-type fuselage were not corrected for support-strut inter-
ference effects. Blockage corrections were computed for both fuselages
and found to be negligible. All talil-alone data have been transferred
to the assumed center-of-gravity location of the pertinent fuselage.

RESULTS AND DISCUSSION

Presentation of Dsasta

The basic data in the form of yawing-moment, side-force, and rolling-
moment coefficients and certain summary plots for the overlap-type fuse-
lage models are presented in figures 6 to 12 and 17, and for the
nonoverlap-type fuselage models in figures 1% 0 15 and 17 to 23. Tuft-
grid pictures of the flow behind the nonoverlap fuselage models are pre-
sented in figure 16. Inasmuch as the evalustion of the directional sta-
bility is of primary interest in this report, only the yawing-moment data
will be conslidered in the discussion that follows.
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Directional Stability of Overlap-Type Fuselsasge

Basic model.~ The basic-model data for the overlap-type fuselage
are presented in figure 6. These data show that fuselage 1 with tail 1
(FqT,) is directionally unstsble for o = 10°, -10°, and -20° at angles
of sideslip to +6° or less. A comparison of the result of summing the
coefficients for the fuselage alone and tall alonme (F1 + T3i) with the
result for the basic model (F1T1) at angles of attack of 10°, -10°,
and =200 indicates that the instebility of this model is made consider-
ably worse at 10° angle of attack by the aerodynamic interference. This
interference at 10° angle of attack probably represents a decreased taill
efficiency which results from the fact that the tail is in the region of
fuselage influence at this engle of attack.

Effect of vertical-tall modification.- The effect on the directional
stability of replacing the thick tail (Tq) of the basic model with a thin
tail (T2) mey be seen by comparing the data of figures 6(a) and T(a).

The variation of the yawlng-moment coefficient with angle of sideslip
for tail 2 alone was larger, in general, than that estimated by theory.
This increassed yawlng-moment coefficient might be attributed to the end-
plete effect of a portion of the fuselsge tested with this tail. Fuse-
lage 1 with teil 2 (F1T2) is directionally stable throughout the side~
slip range for o = 10° and -10° but about neutrally stable at small
angles of sideslip for o = -20°. The sum of the yawing-moment contri-
butlons of the fuselage alone and the tail alone (Fl 4+ To) for o = 10°
and -20° indicates a destabilizing mutual interference between fuselage
end tail (compare Fi + To and FyTp). However, for o = -10°0 the

mutual interference between the fuselage and tail 1s stabllizing
(fig. 7(a)).

Several tests were made to determine the effect of blunting the
treiling edge of the original vertical tail and lower aft portion of the
fuselage (see figs. 2(d) and 3) on the directional stability of the
overlap-type fuselage. The results of these tests are presented and
compared with the directional stabllity of the basic configuration in
figure 8(a). The addition of a blunt tail (tail 3, tail &, or tail 3
with end plate) stabilized the fuselage for all angles of attack tested.
The blunt trailing edge of the vertical tail appeared to be effective
in delaying the movement of the separation point on the vertical tail
as the sideslip angle increased, and thereby produced a greater vertical-
tail lift-curve slope and an improvement in the stebility characteristics
of the fuselasge-tail combination. Blunt tail 3 had a larger area than
tail 4, and therefore made a larger contributlon to the directional sta-
bility (fig. 8(a)).

Effect of fuselage modificatlon.- Experimental results which show
the effect of thinning the rear portion of the basic fuselage to produce
fuselage 2 are presented in figures 9 and 10. The fuselage modification
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resulted generally in an appreciable reduction in the unstable yawing
moment of the basic fuselage slone (see fig. 9). For all angles of attack
tested, fuselage 2 with tail 2 was directionally stable to a greater
degree than fuselsge 1 with tail 2 or, of course, fuselage 1 with tail 1
(see fig. 10(a)).

Comparison between overlap-type-fuselage stability and airplane
stability.- The directional stability of the basic configuration (fuse-
lage 1 with tail 1) and of fuselage 1 with tail 4 is compared with the
stability of two transport-type and two fighter-type airplanes in fig-
ure 11 for the purpose of showing how the directional stability of the
tandem overlap helicopter fuselage model tested in this Investigation
compares with the directional stability of practical airplane configura-
tions. The data for the transport-type airplanes were taken from refer-
ences 6 and 7 and for the fighter~type airplanes from references 8 and 9.
The directional-stability results of the fighter-type airplanes used for
this comparison were assumed to have a linear wvariation up to about 10°
of sideslip. From figure 11 it can be seen that the directional stability
of fuselage 1 with tail 4 has approximately the same magnitude as the
directional stability of these airplenes.

Effect of horizontal tail.- The results of tests made to determine
the influence of & particular horizontal tail on the directional stability
of the basic overlap~type fuselage model at -10° angle of attack are
given in figure 12. The rectangular horizontal tail (b = 15.30 inches,

c = 4.60 inches, and A = 3.33) employed for this test was set at an
angle of incidence of 7.5° and located near the center of the vertical
tail as shown in figure 2(b). No importent effect of a horizontal tail
on the directional stability characteristics was noted.

Directional Stability of Nonoverlap-Type Fuselage

Basic model.-~ Fuselage 3 wilth tail 5 (F5T5) is directionally unstable

for angles of attack of 10° and 30° and directionally stable for angles
of attack of -10° and -30° (see figs. 1% and 14). A comparison of the
sum of the fuselage-sglone and tail-alone results (F3 + T5) with the
results for the basic model (F3T5) indicates that there is a sizable
emownt of aerodynamic interference between the fuselage and tail. A
summary plot of thls interference is presented as figure 15. From this
figure it can be seen that the interference is of considerable magnitude
and generally destabilizing. Tuft-grid pictures of the air flow behind
the nonoverlap-type fuselage at two angles of attack and three angles of
sideslip, which show the nature of the interference discussed, are pre-
sented in figure 16. The asymmetric vortex disposition shown in these
photographs for 20° angle of attack produces an unfavorable sidewash on
the vertlcal tail. The rate of change of this asymmetric vortex system
with angle of sideslip probably accounts largely for the apparently low
vertical-tail effectiveness of this model.
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The directional-stability derivaetive CnB of the nonoverlap-type

fuselage alone is compared in figure 17 with the directional-stebility
derivative CnB of the overlap-type fuselage end of fuselage 4 of ref-

erence 10 in order to illustrate the large varilation of directlional sta-
bility with angle of attack exhibited by the nonoverlap-type fuselsge.
From thls figure it can be seen that CnB for {the nonoverlap fuselage

varies from e small stable value at -30° to a large unstable value at 30°.
This behavior 1s an important factor in the stabllity of the fuselsge~
tail combination, of course, and 1s probably considerably affected by

the vortex patterns shown in figure 16. .

Effect of spollers.- The effects of certain spoiler configurations
on the directional stability of the nonoverlap-type fuselsge are presented
in figures 18 and 19. The use of spoller configurations 1, 2, or 3 on
the fuselage generally stebillized the unstable fuselage-tall configura-
+ion for o = 10° and 30°. Some tests in the Langley free-flight tunnel
have indicated a similar result for the overlap-tgpe fuselsge. The
fuselage-tail configuration for « = -10° and - was directionally
stable (see figs. 18 and 19), and the addition of spoilers to the basic
configuration generally had a negligible effect over most of the side-
slip range except for a = -30°, at which value certain spoller config-
urations caused directional instability for small sideslip angles. The
spoilers on the fuselage probably destroy the potentiasl flow about the
fuselage and thereby reduce the unstable fuselage yawing moment. The
fact that there was no increase in directional stability at negative
angles of attack is recognized; however, the scope of the present tests
does not appesr to be sufficient to explein this effect. The spollers,
as would be expected, gave some increase in drag, and a comperison of
the drag coefficilent for the basic model configuration with and without
gspoiler 1 is presented in figure 20.

Effect of vertical-tail modificetions.- The effect on the directioneal
stability at 100 angle of attack of inecreasing the distance between the
basic vertical tails (tail 5, A = 1.3) to minimize the effect of the
fuselage vortices 1s presented in figure 21. This modification resultse
in a slight improvement in directional stability. The effect at 10° angle
of attack of an increase in the vertical-tail aspect ratio is presented
in figure 22. Little improvement in stability was obtained with this
modificaetion. However, when the distance between the other vertical
tails (tell 6, A = 2.2) was increased, the model was directionally stable
for sideslip angles to #10° (see fig. 23) Iovering these tails approxi-
mately 14 percent of the horizontal-tail span made little further
improvenment.
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CONCL.USIONS

The results of a low-speed investigation 1n the lLangley stability
tunnel of the directional stability characteristics of an overlap- and
8 nonoverlap-type tandem helicopter fuselage indicate the following
concluslons:

1. The original overlap-type fuselage model was found to be direc-
tionally unsteble at angles of attack of 10°, -10°, and -20° for angles
of sideslip to #6° or less. This instability was found to result from
an insufficient contribution of the original vertical tail (which was
approximately 35 percent chord in thickness) to the directionel stability.
This faellure of the vertical tail to make a sufficient contribution to
the directional stability waes believed to be associated with separation
caused by the adverse pressure gradient over the reletively thick rear
portion of the vertical teil and fuselsge.

2. Either blunting the trailing edge of the original vertical tail
of the overlap-type fuselage or substituting & thin tall (which was
4 percent chord in thickness) for the original tail resulted, generally,
in a directionally staeble fuselage-tail arrangement.

3. The nonoverlap-type fuselage model was directionally unsteble
for certain positive angles of attack throughout the sideslip range.
This instebility was found to result from a low vertical-tail effective-
ness and a large variation of the fuselage-slone directional-stability
parameter CnB with angle of attack. Both of these factors were found

to be associsted with the rate of change with sideslip angle of an asym~
metrie trailing-vortex system that existed on the fuselage.

b, The use of spoilers located around the nose of the fuselsge was
the only effective means found, without resorting to major design changes,
for making the nonoverlap-type fuselage directlionally stable.

Langley Aeronauticel Laboratory,
National Advisory Commlttee for Aeronsutics,
Langley Field, Va., February 2k, 195k.
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Figure 2.- Details of overlap~type fuselege models. All dimensions are
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(a) Tail 1. (b) Tail 2.

(c) Tail 3. (@) Tail 4.

Figure 3.- Views of overlasp-type fuselage model.
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alone for three angles of attack.

TO2¢ NL VOVN

6T



Ca

o Fusabge!t !
U Fugelage | olone
© 7o [ afone
a=t+10" o= - @ = 20"
Q\ N
<
miﬂl}_‘ y Yo Ve .
oz \,\“\ i‘:ﬁ&_ \.1_
Cy g
e, | H‘E:r\_ 0 e
0 <5 < o TR
24 <
06
BEZ0 A5 A0S 0 5 BB A2 2520500 0 5 OB L2-204540 -5 0 5 10 152025
Bovg Bty Bokg

(b) Bide-farce coefficient.

Figure 6.- Contimed.
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(a) Yawlng-moment coefficlent.

Figure 7.- Aerodynamic characteristice in sideslip of the ummodified
overlap-type fuselage and verticael tail of h-percent thickness,
showing the contribution of the fuselage alone and vertical tail
alone for three angles of attack.
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Figure T.- Concluded.
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(a) Yawing-moment coefficient.
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(b} Side~force coefficient.

Figure 8.- Contimued.
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Figure 8.- Concluded.
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Figure 10.- Concluded.
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Figure 11.~ Comparison of yawing-moment coefficients for several airplanes
with yawlng-moment coefficlents for the overlep-type fuselage with
original and blunt-tralling-edge vertical teils.
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Figure 12.- Comparison of the aerodynamic characteristics in sideslip of
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out a horizontal tail. a = -10°.
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Figure 13.~ Aerodynamic characteristics in sideslip of the nonovexrlap~type
fuselage and basic tall, showing the contribution of the fuselage alone
and tail alone for angles of attack of 10° and -10°.
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Figure 1h.- Aerodynamic chsrascteristics in sideslip of the nonoverlap~-type
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and tail alone for angles of atbtack of 30° and -30°.
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Figure 15.- Mutual interference in sidesllp between the tail and fuselage
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Figure 21.- Effect of location of vertical tail (A = 1.3) on yawing-
moment coefficlent in sideslip of the nonoverlap-type fuselage
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